the ability to bind to PtdIns-3-P, suggesting that this proximately a decade ago revealed the existence of three region is required for lipid binding. additional phosphoinositides, PtdIns-3-P, PtdIns-3,4-P 2 ,
capped by a C-terminal ␣ helix. The basic motif is mostly within the ␤1 strand that leads into a ␤ turn containing one of the Cys pairs involved in zinc coordination ( Figure  1B ). Figure 1A presents the surface potential of the VPS27p FYVE domain from a view that faces the edge of the ␤1 strand. From this view, side chains of sequential residues appear on opposite sides of the ␤1 strand, and the backbone of ␤1 forms the central indentation of the pocket. In addition to the five basic residues from the motif, a sixth residue (Arg-220) from ␤4 completes the basic pocket.
Based on mutational data indicating residues involved in PtdIns-3-P binding (Burd and Emr, 1998) and by analogy to the PKC␦C1 domain/phorbol ester-binding pocket, Misra and Hurley proposed a model for PtdIns-3-P binding specificity of the VPS27p FYVE domain (Figure 1C ). In this model, the inositol ring sits in the central indentation of ␤1 and the 3-phosphate interacts with the aromatic ring of His-191 and the guanidino moiety of Arg-193, while the 1-phosphate forms a salt bridge with Arg-188. This model can explain the exclusion of more highly phosphorylated forms of PtdIns, since the pocket is too small to accommodate molecules with equatorial phosphates at multiple sites of the inositol ring. The exclusion of PtdIns-4-P from the pocket can be rationalized, since the distance between the 1-and 4-phosphates of PtdIns-4-P is greater than between the 1-and 3-phosphates of PtdIns-3-P and thus too large for optimal coordination by the two basic clusters. This model indicates that the fatty acids of PtdIns-3-P orient in the direction of the two hydrophobic residues Leu-185 and Leu-186 ( Figure 1A) . The model suggests that these residues interact with the hydrophobic region of the lipid bilayer to provide additional affinity for the membrane lipid. All the residues proposed to interact with PtdIns-3-P are conserved in other FYVE domains that have been shown to be specific for this lipid (Figure 1B but at higher lipid concentrations. One might predict that on CDC42 (Pasteris et al., 1994). Thus, it is possible that PtdIns-5-P would bind to the same pocket as PtdInsPtdIns-3-P-dependent recruitment of proteins to early 3-P but with the inositol ring flipped over 180Њ to allow endosomes is also important for initiating signaling the 5-phosphate to occupy the same location as the events.
3-phosphate (see discussion of PH domains below).
Ins (Figure 2A) (Ferguson et al., 1995) . This structure retype BTK ( Figure 3B ). Lys-41 of the mutant contributes a salt bond to the new IP 4 site. vealed that the inositol moiety is sandwiched between the ␤1-␤2 loop and the ␤3-␤4 loop at one end of a twisted In summary, the structural basis for recognition of specific phosphoinositides by FYVE domains and PH ␤ barrel. Most of the contact with the phosphates occurs with basic residues from the ␤1 and ␤2 strands, most domains is beginning to emerge. It is now clear that multiple types of domains have independently evolved notably, Lys-30 from ␤1 and Arg-40 from ␤2 that interact with the 5-and 4-phosphates of IP 3 . The 1-phosphate pockets for recognition of specific phosphoinositides as a means of regulated recruitment to membranes. In is not deeply buried, explaining how, in the case of PtdIns-4,5-P 2 binding, linkage through the 1-phosphate addition, a surprisingly large number of FYVE domaincontaining proteins and PH domain-containing proteins to diacylglycerol is accomodated.
The crystal structure of the Bruton's tyrosine kinase with diverse functions are predicted to bind to PI3K products based on the structures discussed here. Whether (BTK) PH domain/IP 4 complex reveals similarities but crucial differences from the PLC␦ structure (Baraldi et all these proteins function in PI3K signaling pathways remains to be determined, yet it is clear that localization al., 1999). The IP 4 is located at an analogous position between the ␤1-␤2 loop and the ␤3-␤4 loop of the BTK of signaling proteins at membrane sites where PI3K becomes activated is critical for many types of signaling PH domain, and the 1-phosphate is pointed out of the networks. pocket to allow accomodation of the diacyglycerol moiety of PtdIns-3,4,5-P 3 . However, the inositol ring is
